the patient was able to bear the slight shock attendant on the extraction of the teeth. When a patient was suffering from rapid wasting, the cause of which was not obvious, and it was found tbat the teeth were in a very septic condition, he thought the only proper course was to extract the teeth.
On the Production of Narrow Jaws by the Mastication of Tough and Fibrous Foods. it behoves us to inquire carefully, minutely, and analytically upon what such teaching is based-is it rational or empirical ? It is proposed first to analyse the masticatory act, and, as a basis of argument, it is taken for granted, as an agreed fact, that all bones are during their early period of growth plastic in nature, and influenced largely in shape by the direction of the various stresses to which they are subject. The wvriter also assumes that since the upper jaw is passive and the lower jaw active, it is the development of the latter which largely influences the direction of growth of the former. The act of mastication may be divided into five stages-(1) prehension, (2) incision, (3) crushing, (4) trituration, and (5) swallowing.
(1) Prehension.-Mandible drawn forwards and upwards by masseter (superficial position), temporal, and very slightly by the external pterygoid muscles. Diagrams plotted to scale show that the masseter muscles have ar outward pull on the mandible of 40 mm. and the temporals 40 mm. Effect: Expansion of jaws and normal mesio-distal relationship of lower to upper teeth (illustrated by diagrams plotted to scale).
(2) Incision.-The lower incisors are pressed firmly against the upper incisors by the masseter and temporal muscles, and secondly by the posterior portion of the temporal muscles are drawn backwards in a scissors-like action against the lingual surfaces of the same teeth. Effect: Expansion of the mandible and a backward thrust to upper molars and premolars (illustrated by lantern slides and diagrams plotted to scale).
(3) Crushing.-Lower jaw drawn nearly vertically upwards by the very forcible contraction of the masseter and temporal muscles. Effect: Expansioii (given sufficient cerebral development).
(4) Trituration.-Forcible lateral movement of the mandible chiefly by the internal and external pterygoid muscles. The former have an inward pull of 60 mm. and the latter of 50 mm. Direction is always from without inwards. Effect: contraction of mandible. The tougher and coarser the food, the more trituration is required (illustrated by diagrams plotted tolscale). Tracings of jaw movements taken during mastication by the "gnathograph" support this (tracings shown). During trituration, the point of the tongue acts as a " pseudopodium," directing the food outwards and keeping it between the molar teeth. In this action it is physiologically and automatically opposed by the buccinator muscle of each side, which directs the food inwards, forcing it again between the molar teeth. Thus, as.regards any expanding or contracting effect upon the jaws, these two muscles counteract each other (illustrated by diagram).
(5) Swallowving is a complex act performed by the muscles of the tongue, pharynx, and floor of the mouth. The mylo-hyoid, genio-hyoid, and genio-hyoglossi, digastric and superior constrictor mnuscles are those chiefly concerned from this present point of view. All these muscles are attached to the inner aspect of the mandible, and pull forcibly inwards; they therefore exert a constrictive effect upon the jaws. The mylo-hyoid has an inward pull of 32 mm. (illustrated by diagrams). Swallowing, among hyper-civilized peoples, is becoming much more frequent than among natural races. On the other hand, it is almost a continuous act with some animals.
The physiological actions of the various muscles of mastication are confirmed by pathological states of the mandible, such as in ankylosis and fractures (illustrated by lantern slides).
The Intrinsic Muscles of the Tongue.-Superior lingualis retracts, shortens and renders concave; inferior lingualis retracts, shortens and renders convex; transverse lingualis contracts and elongates. The above three muscles are the ones chiefly concerned in trituration of food, therefore the tongue in this act cannot exert any expanding effect upon the jaws. The vertical lingualis flattens, and is the onJy muscle which broadens the tongue. It is only found in the anterior part of the tongue, and is concerned much more with speech than mastication. There is a considerable difference between a triturating tongue and a speaking tongue; the former is triangular in shape, the latter broad and flat (illustrated by sections of sheep's and human tongues).
Cerebral Development.-This has considerable effect upon the jaws, both directly and indirectly: (1) The jaws, as bones of the, cranium, must share to some extent in any general widening of the cranium;
(2) the development of the motor centres, such as by increased manual dexterity and speech, probably leads to an increased outward pull by the temporal and masseter muscles by widening the cranium; (3) the hyper-development of the visual centres (at the expense of others) probably leads to the formation of long narrow heads, and therefore (a) a tendency (direct) to similar shaped jaws, and (b) a decreased outward pull on the mandible by the crushing muscles (illustrated by diagrams).
Mental concentration, usually associated with hyper-development of the visual and volitional centres, is also most commonly accompanied by flaccid facial muscles, and the moulding ingfluetce of the latter upon the jaws is lost.
Ethnology.-A critical study of the manner in which natural races prepare, cook and eat their food goes to show that the generally conceived idea that such peoples of pecessity eat hard, tough, or fibrous food is quite erroneous. With remarkably few exceptions, all native races exist chiefly on vegetable foods. It is always well and carefully prepared, the coarser parts by various methods being eliminated; prolonged soaking or partial putrefaction is a common method of softening and preparing food, both animal and vegetable. Natural man or woman is and was an excellent cook, far better than the, average " civilized" woman. Meat and vegetable foods are usually steamed or stewed until quite tender, and require much less mastication than does our food of "civilization." Millions of natives live largely on food which cannot be and is not triturated at all. In general terms it mnay be said that native races live on soft, tender, well-cooked food, supplemented by such things as fruit and nuts, which require prehension, incision and crushing, but no trituration. Yet all native races have strong, welldeveloped and wide jaws. Among natural peoples, too, the swallowing muscles are not exercised to anything like the extent which they are with us at present. They take, say, one and a half or two meals a day at the most; we take five or six. They swallow large boluses; our muscles have to contract on to small ones. The muscles of speech, singing, expression and gesticulation are all arranged so that when functioning they tend to produce wide rounded dental arches such as we have come to regard as d-esirable or normal. In the children of natural races these muscles are much more developed than they are at the present time among civilized children; the former spend their time, not as do the latter, in school, with strained vision and flaccid muscles, but laughing, playing, grimacing, shouting, talking, singing in the open during practically the whole of their day. They learn by hearing (development of auditory centres) and not by seeing, and they learn early to beconme expert with their fingers and hands (motor centres), both of which are contrary to what obtains among civilized children. The types of face among civilized communities at present lend confirmation to these views. (The above section was illustrated by nunmerous slides showing native methods of preparing food, types of face, &c.)
The above conclusions may be summarized thus: 
DISCUSSION.
Mr. A. T. PITTS said that there were one or two points in Professor Pickerill's paper he would like to discuss. He thought that the various muscles acting on the jaws had been considered too much from a theoretical point of view. While it was true that the various muscles might act in the way Professor Pickerill stated, yet he doubted if it were possible to analyse their effect when the movements of the jaw were carried out. The muscles did not act individually, but rather in groups, and so the pull of a muscle in a particular direction, though theoretically correct, would be lessened by the pull of the muscle in slightly different directions. Professor Hemington had shown that when the flexors of a limb contracted, there was a reflex condition of tone -induced in the extensors, and there was little doubt that this law applied to the muscles of mastication, and so would lessen the effect on the jaw of what might be termed the predominant muscle. Then, again, the speaker could not follow Professor Pickerill's argument about the action of the pterygoid in tending to narrow the mandible. If the pterygoids of each side both contracted at once, then assuming the pterygoid plate to be the fixed joints, they would pull on the mandible and contract it, but the act of trituration was carried out by alternate movements of the pterygoids, so that the pull of one pterygoid on the neck and condyle to which it was attached was entirely neutralized by the passive excursion of the opposite condyle outwards. Again, with regard to the action of the mylo-hyoid in narrowing the mandible, when swallowing occurred the teeth were firmly closed in occlusion, and the jaw fixed, while the hyoid bone could be felt to move upwards. Even if the latter were fixed by the contraction of the muscle attached to it, he failed to see how the contraction of the mylohyoid would raise the mandible, especially as the latter had its resistance greatly reinforced by the locking of its teeth. Finally, with the maxillary teeth, those who had examined many young children would agree that those in whom nasal obstruction or any deformity-causing habits were absent, had large, wellformed jaws. Yet in children the act of triturating the food formed a capital part of the act of mastication, as was shown by marked attrition of the teeth, especially in the wearing down of the overlap of the upper incisors. But in spite of the fact that the jaws in children were plastic, and more capable of being moulded than the jaws of an adult, they did not showany signs of being -narrowed by the action of the pterygoid in triturating the food.
Mr. W. RUSHTON, while thanking Professor Pickerill for his paper, was not convinced by his arguments, which he regarded as special pleading in a poor cause. The jaws of the ruminants were models of Nature's economy in supplying the largest amount of masticating surface in the smallest space; those of the carnivora were adapted to the greatest display of prehensile strength. To carry Professor Pickerill's argument to its logical conclusion we ought to find the finest jaws amongst the edentata. With respect to the human jaw the reason it grew was not because it was " moulded " by this or that, but because it was its business to grow like any other bone. True, it was more susceptible to external influences than perhaps most other bones, and these influences were so far not very well understood, but he was quite sure it agreed with other bones in becoming better developed by vigorous muscular action, and if that were a fact then Professor Pickerill's arguments fell to the ground.
Mr. E. B. DOWSETT said: I would like to add my sincere thanks to Professor Pickerill for his most interesting paper, and also compliment him upon his excellent diagrams. The paper supplied many points for serious thought, though apparently, on first hearing, somewhat unorthodox. I would like, however, to make the following criticisms: The pterygoid muscles are attached by their inner side to the plates of the sphenoid bone and on the outer side to the mandible. Professor Pickerill argues that their continued aQtion will tend to draw the two halves of the mandible together. I would rather contend that, as the plates of the sphenoid bone are much more fragile than the whole mandible, therefore if there be any alteration at all, the plates of the sphenoid bone ought to get pulled farther apart rather than the two halves of the mandible pulled together. It should, therefore, form an interesting investigation for Professor Pickerill in the future to ascertain whether, in races that triturate tough food, the two plates of the sphenoid bone are farther apart than in races that feed on a softer diet. The same argument, to my mind, holds good for the mylo-hyoid muscle acting upon the hyoid bone. And again, the sum total of muscle in mass of all the muscles attached externally to the mandible is considerably greater than that of the muscles attached internally, and therefore I would contend that the contracting muscles of the mandible are more than counterbalanced by the expanding muscles.
Dr. SIM WALLACE said: I am glad to note that Professor Pickerill has accepted the view that the growth and development of the mandible is influenced by and dependent upon the development and gize of the tongue; nevertheless, other parts of his argument are open to criticism. Professor Pickerill takes it for granted that the shape of all bones is largely influenced by the direction of the various stresses to which they are subject. Probably it would have been more correct to say that they were only slightly influenced by these various stresses, and furthermore it is doubtful if the various stresses to which the mandible is exposed bring about such changes in the manner indicated. Generally speaking, growth in length is not adversely influenced by the normal strains of muscular activity, though growth in thickness to a certain extent is. The mandible may at first sight appear to be an exception.
9r.
The growth of the body of the mandible results from a deposition of bone posteriorly, and to some considerable extent its outward and backward growth at the angle is due to the pressure and strain brought about by the muscles which have their insertion at that neighbourhood. This is indicated by the fact that when mastication is no longer performed, as in the case of an edentulous person, the bone at the angle disappears to a considerable extent. Generally speaking, savages have well-developed jaws, with large muscles of mastication, because even after all care is taken by savage women the food they can procure and prepare is, compared with the food of civilized children, of such a nature that mastication is more effectually stimulated. Roots and grains are not obtainable by savages in a finely pulverized form; sugar is often got direct from the sugar-cane; nuts and fruits are generally eaten raw; and meat is eaten before it can be made tender by cooking. Indeed, i,t is recorded that the Kaffirs, whose jaws are particularly well developed, can eat an ox in a remarkably short time, consuming even the sinews. That the mandible is more powerfully used in mastication by savages than by the civilized is indicated by the size of their muscles of mastication, by the thickness of the body of the jaw, by the wearing down of 'the masticatory surfaces of the teeth, and by the pressure which savages are able to bring to bear on foods. If I remember rightly, Black's gnatho-dynamometric tests indicate that savages can exert a pressure of some 400 lb. on a substance placed between the teeth.
The civilized are sometimes able to exert a pressure of about 200 lb., and I doubt if civilized children, whose teeth are generally tender from lack of use, or disease, can exercise a pressure of 50 lb. with any degree of comfort. Constant slight pressure influences the growth of bone in such a way that the bone, as it were, recedes before the pressure. On the other hand, intermittent pressure and strain give rise to thickening of the bone in such a way as to counteract effectually the effect of muscular strain. Thus, then, the inward pull of the external pterygoid muscles would not be to bend the condyles closer, provided, of course, that the bones were not in a diseased condition. Possibly, however, such intermittent lateral pull might stimulate the growth of the bone in'the median line of the palate. It is not the intermittent acts of the tongue which affect the growth of the jaw, except in the way previously indicated, but its oonstant pressure both by day and by night when the mouth is shut. At one time I attached far too much importance to the augmentation in size of the tongue resulting from the relatively greater amount of muscular activity induced by the mastication of fibrous foods; now I feel inclined to contend that, given good health, the variations in the amount of muscular activity to which a child puts its tongue is of very little account from this point of view, The chief factor, apart from mouth-breathing, in reducing the normal size of the jaw among the civilized is disease and emaciation during the development of the jaw. Emaciation in childhood among the civilized is far too common and results largely from dental diseases and an unhygienic condition of the mouth, brought about by the habitual consumption of insipid, alkaline, milk-soaked foods, which do not stimulate effectively the self-cleansing processes of the mouth. I would only say in conclusion that;-notwithstanding this criticism of the views brought forward by Professor Pickerill to-night, we have all enjoyed listening to his extremely well prepared paper and appreciate it most highly.
Mr. DOUGLAS GABELL said that if they were to take Professor Pickerill's theory as correct it would follow that the more a child used its limbs the shorter they would become, because the muscles pulled lengthwise.
Dr. PICKERILL, in reply, thanked those who had spoken for their candid criticism of his communication. He was aware that the views put forward seemed to be heterodox, and would not meet with ready acceptance. Nevertheless, a careful study of the subject had forced him into the present position. He thought that those who had spoken had not completely grasped what he intended to convey. The points he wished to make were: (1) That it was impossible to speak scientifically of " mastication " as a single act having one definite effect, it being composed of a definite and distinct series of events, each calling into action totally different sets of rmuscles, and each exerting divergent stresses. (2) What we regard as the " normal " shaped jaw is produced by a certain balance of the different sets of masticatory muscles, but when that balance is disturbed by one set becoming more functional than its physiological opponents, it of necessity produces an effect upon the mandible in the direction of the predominating stress. (3) Far from suggesting-as the speakers seemed to think-that "mastication " produced narrow jaws, what had been stated was that the most powerful muscles of " mastication," the temporal and masseter muscles, produced expansion of the mandible. But nlowadays (largely perhaps owing to the increased consumption of tough meat and a decrease of crushing fruits and nuts) the action of these crushing muscles is being overbalanced by the triturating muscles, which teilds to produce contraction of the mandible. The measurements and general shapes of the mandibles of animals and " savages" considered in relation to their food entirely bear out this view. Triturating animals have narrow jaws, " crushing" animals have broader jaws. What is required nowadays for children is more crushing and less triturating. (4) In spite of what speakers, especially Dr. Sim Wallace, said as to the dietary of native children, careful investigations (some of which were subjective) have shown that the vast majority of" native" children live on quite soft, well-prepared and cooked food. Statements to the contrary were probably based on assumption rather than on actually investigated facts. (If Dr. Wallace could live for a short while amongst Maori or Cingali children-casts of whose mouths were passed round-he would rapidly change his present views on this point.) Those who had criticized the communication were in the position of giving credit to the muscles acting on the external jy-17b
